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SUMMARY (;/5’5‘5/ ¢

a

An investigation has been conducted in the Langley 4- by 4-foot
supersonic pressure tunnel at a Mach number of 2.01 to determine the
longitudinal and lateral aerodynamic characteristics of a tailless delta
V/STOL configuration having variable-sweep wing panels and twin inlets.

The results of the investigation indicated that the inlet and duct
arrangement had a large detrimental effect on both the longitudinal and
the directional stability characteristics of the configuration. The
longitudinal stability was improved by reducing the sweep and increasing
the span of the delta planform wing whereas the directional stability
was improved through the use of an enlarged vertical tail.

LY
INTRODUCTION CZLLIP%I

The National Aeronautics and Space Administration is currently con-
ducting studies directed toward the development of multimission airplanes
wherein variable wing sweep is employed as a means of combining efficient
subsonic and supersonic flight characteristics. Recent studies have also
indicated the feasibility of employing vectored lift-thrust engines in
such airplanes in order to provide the added capability of extremely
short or vertical take-off. The results of some of the previous inves-
tigations of such airplanes are presented in references 1 to 5. These
investigations have included tail-rearward airplanes with variable wing
sweep and one with a rotatable or skewed wing.

This paper extends the study of such airplanes to include a config-
uration in which the fully retracted wing position provides a tailless
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airplane with a low-aspect-ratlid deltdwihg.**The<model investigated

had twin inlets and a four-nozzle exit arrangement similar to that used
in some of the previous investigations. The investigation was made in
the Langley h- by Y-foot supersonic pressure tunnel at a Mach number of
2.01 and includes both the longitudinal and the lateral aerodynamic char-
acteristics for various configuration arrangements. Transonic results
for some of the configurations are presented in reference 6.

SYMBOLS

The results are referred to the body axis system except the 1lift

_and drag coefficients which are referred to the stability axis system.

The moment reference points are shown in figure 1.

cr 1lift coefficient, L—ég—t
Cp drag coefficilent, 2535
a

Cm pitching-moment coefficient, Pitching moment

gSc
Cy rolling-moment coefficient, RolllngS:oment

q
Cn yawing-moment coefficient, Yewing moment

qSb
Cy side-force coefficient, §i§§—§9£39
q
q free-stream dynamic pressure, lb/sq ft
S wing area including fuselage intercept for retracted 81° wing
configuration, 0.76 sq ft

c reference length represented by distance from inlet leading edge

to theoretical trailing-edge apex of winglet, 1.85 ft

b span of winglet neglecting control-surface tip, 0.679 ft
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a angle of attack, deg
B angle of sideslip, deg
5, pitch-control-surface deflection, deg
A sweep angle of wing leading edge, deg
L/D lift-dreg ratio, Cp,[Cp
CnB directional-stability parameter,

oc
8 effective-dihedral parameter, S—l
B

oCy
CYB side-force parameter, SE—

TESTS, CORRECTIONS, AND ACCURACY

The test conditions are as follows:

Mach number . . . & ¢ ¢ ¢ ¢ ¢ o v o ¢ o e o o o s o o
Stagnation temperature, °F . . . . . . ¢ ¢ ¢ 4 0 . . .
Stagnation pressure:

For longitudinal tests, 1b/sq ft . . « . « « « . . .

For lateral tests, 1b/sq £t . « « « + ¢ ¢ o « ¢ & « .
Reynolds number, based on c:

For longitudinal tests . . ¢ v ¢ ¢ ¢ o o ¢ ¢ o ¢ o

For lateral testsS « ¢ ¢ ¢ o ¢ « o o ¢ o o o o o o o o

The stagnation dewpoint was maintained sufficiently low
so that no condensation effects were encountered in the

0“

o s v . 2.01

100
e e .« 1,40
720

. . k.07 x 106
.. 2.0k x106

(-25° F or less)
test section.

Transition strips were located near the nose and inlet tips, and
near the leading edges of the vertical tall and pitch-control tip.

The angles of attack and sideslip were corrected for the deflection

of the balance and sting under load. The base pressure

was measured,

and the drag force was adjusted to a base pressure equal to free-stream
static pressure. Where applicable, the drag results have also been
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photographs of the inlets indicated that some spillage was occurring.
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The estimated accuracy of the individual measured quantities is as
follows:

CL e o o ® & ® e © ® e ® 8 e e e @ e & s s & o s+ e o o s e s = :’—_—O . 0039
CD e o & 6 & o e 8 ® e s s e e 8 B 8 e ° e & e * & e s s e o . iO . 000)4'
Cm e o & e e e 8 e e 8 e @ e e s * e e ° e s & o o s e o v s o iO . 0006
C 'L e 8 o o ® 8 e e 8 e ® e e e & ® s e e e & e 5 8 e e s s s '-':O . 0005
Cn . . . . . . . . . . . . . . . . . L . . . . . . . . . . . . -to . 0015
CY e s o e 8 ® e 8 e e & ® e e e 6 e s s B s s & s e e o s e » iO . 0032
R 1Y - S 0.1
B s deg ¢ ® o 8 e s & e 8 e 8 e e e o e 8 ® e e e s & s o & s = iO . l
Bhy A€ + « « o o o s ¢ 4 s st s 0 4 e a4 s e e e s s s e o 0.1

MODELS AND APPARATUS

Details of the models are shown in figure 1. The models were con-
structed in such a way that the ducts could be removed entirely or
replaced by solid ducts. The wing assembly was composed of three parts -
a fixed portion referred to as the winglet, movable wing panels that
could be rotated to provide a sweep range from 15° to fully retracted,
and the pitch-control surfaces at the rear of the winglet that could be
deflected to various angles or removed altogether. The original config-
uration was investigated with both an 81° swept winglet and a 73° swept
winglet. The revised configuration (fig. 1(b)) differed from the origi-
nal configuration in that a longer, higher fineness-ratio forebody was
incorporated, the winglet provided a fully retracted sweep angle of
T1.75°, and the pitch-control tip was modified to provide a pointed tip.
Vertical-tail modifications included a twin-tail arrangement for the
original configuration with the 750 winglet wherein twin tails having a
total area equal to that for the single tall were located near the wing
tips. In addition, a large tail having a 20-percent increase in ares
was investigated on the revised configuration.

Tests were also made with various components removed and with var-
ious modifications to the ducts and winglet. These components and
modifications are denoted as follows:

A solid chin-type duct
B winglet apex removed at point of intersection with body
c solid twin duct and control-tip dihedral of -5°

D solid twin duct and control-tip dihedral of -250

COOHO\NO b
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E winglet leading-edge cutback to have sweep of 41° and to inter-
sect original leading edge just ahead of wing pivot location

H pltch-control surface
v vertical tail

The model was mounted in the tunnel on a remote-controlled sting,
and force measurements were made through the use of a six-component
internal straln-gage balance.

PRESENTATION OF RESULTS

The results of the investigation and the figures in which they are
found are shown in the following table:

Figure
Longitudinal aerodynamic characteristics -

Effects of ducts, original configuration, =8°....... 2
Effects of various duct and winglet modifications, original

configuration, A =81 . . . . . it 0 e et e e e e e
Effects of forebody strake, original conflguration with

ducts removed, =810 .. e e e e e e e e e e e e e e e
Effects of wing sweep, original configuration . . « . « « « . .
Effects of wing planform modification, original configuration .
Effects of pitch control, original configuration with modified

wing planform, A = T3° & ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o o o o o o o
Effects of piteh control and ducts, revised configuration,

A= Lol ¢ 0 6 v o e e o s s o s s s o 8 o o a e e e e e e

Sideslip derivatlves -
Effects of vertical tall, original configuration, A = 81°:
DUCES ON « ¢ « « o o o« o o o o o o o o o o o o s o oo+ o0« 9a)
DUCES OFF o o o o o o o o o o e o s s s s o o o o oo o oo« 9b)
Effects of ducts, original configuration, A = 81°, vertical
811 ON ¢ ¢ ¢ o o o o o 2 o s o s e s s e e s e 8 e e o s a s 10
Effects of vertical tail, original configuration with modified
wing planform, = T30 & i i e e e e e e e . B &
Effects of wing planform modification, original conflguratlon,
vertical tail on . . . . e e e 8 o o o o o 6 e s e o s e e » 12
Effects of twin-tail arrangement, orlglnal configuration with
modified wing planform, V6 13
Revised configuration with small and large vertical tail . . . . 1k
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DISCUSSION

Longitudinal Characteristics

The results for the complete model of the original configuration
indicate a low level of longitudinal stability and a nonlinear variation
of Cp with Cp, that leads to pitch-up at higher lifts (fig. 2(2)).
These results are apparently influenced by an interference of the inlet
and duct flow fields on the wing since removal of the ducts eliminates
the detrimental effects on the longitudinal stability (fig. 2(a)).
Although several modifications to the ducts and the winglet apex were
investigated (fig. 3), none of the changes eliminated the nonlinear
pitching-moment characteristics. The sensitivity of the configuration
to the forebody flow field is indicated by the results of figure 4 wherein
the addition of a very-small-span strake to the forebody of the model
with the ducts removed produced a measurable difference in pitching-
moment characteristics. Varying the wing sweep for the original config-
uration from the fully retracted position of 81° to positions of T0° and
60° resulted in a marked improvement in the longitudinal stability
(fig. 5(a)) as well as an increase in the maximum value of L/D
(fig. 5(b)). On the basis of these results the original configuration
was modified to incorporate a wing with the span increased and the sweep
reduced to 73°. A comparison of results for the configuration with the
modified wing planform with those for the original configuration indi-
cates a considerable improvement in longitudinal stability and in the
performance characteristics for the modified wing planform (fig. 6). A
limited investigation of the pitch-control characteristics for the con-
figuration having the wing planform medification (fig. T7) indicates
relatively low controllability inasmuch as a control deflection of -10°
appears to be about half that required to trim at the 1lift required for
maximum L/D. The controllability is restricted to some extent by the
negative value of Cp that exists at zero 1lift for the configuration
with undeflected controls.

Limited tests were also made for a revised configuration having an
increased forebody length and a T1.75° sweep delta planform. The results
for this configuration (fig. 8) indicate that, although the detrimental
effects of the duct on longitudinal stability are still present, the
complete configuration was stable up to a 1lift coefficient of about 0.3,
above which essentially neutral stability occurred.

Lateral Characteristics

The sideslip derivatives for the original configuration with the
vertical tail on indicate neutral directional stability at a = O°

@ ®O\O H
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(fig. 9(a)). Although a substantial tail contribution to an is

apparent, the unstable moment of the tail-off configuration is so great
that the addition of the tail is not sufficient to provide stability.

A portion of the unstable moment is caused by the ducts so that when the
ducts are removed the tail is able to provide positive directional sta-
bility up to about a =5° (figs. 9(b) and 10). With increasing angle
of attack, the directional stability decreases rapidly with the ducts
elther on or off because of a loss in tail contribution that probably
results from the effects of an adverse sidewash field produced by the
forebody. The sideslip characteristics for the configuration having
the modified wing planform are generally similar to those for the orig-
inal configuration (figs. 11 and 12).

A twin-tall arrangement was investigated in an effort to locate the
tail in a region of favorable sidewash. Although the variation of CnB

with a at high angles of attack indicates that the twin tails are in
a favorable sidewash field (fig. 13), the overwhelming influence of the
unstable tall-off arrangement still indicates that an increase in tail
area is required.

Both the original small tail and a large tail were investigated on
the revised configuration. The results (fig. 14) indicate that with
the small tail the configuration is even more unstaeble than the original
configuration because of the added forebody length. However, with a
20-percent increase in tail area the configuration with the large tail
provided positive an up to about o = 15°,

CONCLUDING REMARKS

An investigation has been conducted in the Langley 4- by L-foot
supersonic pressure tunnel at a Mach number of 2.01 to determine the
longitudinal and lateral serodynamic characteristics of a tailless delta
V/STOL configuration having varisble-sweep wing panels and twin inlets.

The results of the investigation indicated that the inlet and duct
arrangement had a large detrimental effect on both the longltudinal and
the directional stability characteristics of the configuration. The
longitudinal stability was improved by reducing the sweep and increasing
the span of the delta planform wing whereas the directional stability
was improved through the use of an enlarged vertical tail.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Air Force Base, Va., December 6, 1961.
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(b) Revised configuration.
Figure 1.- Concluded.
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(a) Variation of C, and a with Cr.

Figure 2.- Effc.ects of ducts on the longitudinal serodynamic characteris-
tics of the original configuration. A = 81°.
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(b) Variation of L/D and Cp with Cj,.

Figure 2.- Concluded.
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Figure 3.- Effects of various duct and winglet modifications on the
longitudinal serodynamic characteristics of the original con-

figuration. A = 81°.
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(b) Variation of L/D and Cp with Cp.
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Figure 6.- Effects of wing planform modification on the longitudinal
aerodynamic characteristics of the original configuration.
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wing planform. A = 73°.



Ly LTS

i
THIHHTE
it

XYL S = .W = g e
b L4 = 5 =28 E EEEa =
e : : E ; &
Ssosce = 51 = = u =t
” ) " ...H i - . o %Wn =
sse £ ﬁmw SRR
‘s o ==
. s = pEEmEn =

see

aesey

esoey 5 ﬁ
® o 35 3

[ XX R X
(I L XX
o o o
* .
ossoed

26
24
22
20
18

16

14
12
10

08
06
04
02
0

22

(b) Variation of L/D and Cp with Cp.
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Figure 8.- Effects of pitch control and ducts on the longitudinal sero-
dynamic characteristics of the revised configuration. A = T1.75°.
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(v) Variation of L/D and Cp with Cf.

o|r

9e6T~1



. see . ® - (X ) se & 08 6 ves so
e o o o » @ ® ¢ @ [ LI ® e o @
o @ eo [ ] ~ s oo e S o o
- ® o @ o LI e o e e
L] (X X ] oo Se® o o ] .o LN . 0o So
L C-; "]
.004
0
|
C“B -.004 -
@© = S
Q =
A S
| 1 —.008 ot 002
. | e
-.0i12 o)
002
v 004
v
—0n
- ——Off
O
-0l
cYb
-02
-03 } SISt i = B e, "i s £
03g ) 0 4 8 12 16 20
a [} deg

(a) Ducts on.

25

Figure 9.- Effects of vertical tail on the variations of sideslip
derivatives with angle of attack for the original configuration.

A = 81°.
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Figure 9.- Concluded.




L-1988

e 268 -] * [ ] S a® & 968 & ese €9
® & ® ® @ * e e L ] . o * S e o
® ® 0@ ® L4 > # L ] ® O e oo - o
e o . ﬂ . e . . e 27
L 2 J L X 1] e [ ] ® ® ® 09 w9
004 T
O
Cag —.004
- —008
- =012 0
002 CIB
-004
Duct -
on
— — Off
(0]
-0t
—-02 3
—%% —4 0 4 ) i2 i6 20
a , deg

Figure 10.- Effects of ducts on the variations of sideslip derivatives

with angle of attack for the original configuration. A = 8l°;
vertical tail on.
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Figure 14.- Variastions of sideslip derivatives with angle of attack for
the revised configuration with small and large vertical tail.
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